ABSTRACI Ciliary activity protects the respiratory tract against inhaled particles, including bacteria, by transporting them trapped in mucus towards the pharynx. We have studied the effect of bacteria (Haemophilus influenzae, Staphylococcus aureus, and Pseudomonas aeruginosa) on human nasal cilia, measuring their in vitro ciliary beat frequency by a photometric technique. Supernatant fluids were obtained from 18 hour broth cultures by centrifugation alone, by filtration, and by lysis. Supernatants obtained from Ps aeruginosa and H influenzae caused a significantly lower ciliary beat frequency than controls (broth alone). Slowed cilia were dyskinetic and at times of maximal slowing ciliostasis occurred in some areas of the epithelium. A dose related effect was demonstrated. Abrogation of cilioinhibitory properties was achieved by heating the lysate to 56°C for 30 minutes and by allowing the filtrate to stand at 37°C for 120 minutes. Staphylococcal products were not cilioinhibitory. It is concluded that Ps aeruginosa and H influenzae release a factor (or factors) which causes slowing of human nasal cilia in vitro. The role of this factor in the pathogenesis of infection is discussed.
ABSTRACI Ciliary activity protects the respiratory tract against inhaled particles, including bacteria, by transporting them trapped in mucus towards the pharynx. We have studied the effect of bacteria (Haemophilus influenzae, Staphylococcus aureus, and Pseudomonas aeruginosa) on human nasal cilia, measuring their in vitro ciliary beat frequency by a photometric technique. Supernatant fluids were obtained from 18 hour broth cultures by centrifugation alone, by filtration, and by lysis. Supernatants obtained from Ps aeruginosa and H influenzae caused a significantly lower ciliary beat frequency than controls (broth alone). Slowed cilia were dyskinetic and at times of maximal slowing ciliostasis occurred in some areas of the epithelium. A dose related effect was demonstrated. Abrogation of cilioinhibitory properties was achieved by heating the lysate to 56°C for 30 minutes and by allowing the filtrate to stand at 37°C for 120 minutes. Staphylococcal products were not cilioinhibitory. It is concluded that Ps aeruginosa and H influenzae release a factor (or factors) which causes slowing of human nasal cilia in vitro. The role of this factor in the pathogenesis of infection is discussed.
Ciliary activity protects the respiratory tract against inhaled particles, including bacteria, by transporting them trapped in mucus towards the pharynx. Cilia beat in a coordinated manner in the periciliary fluid layer beneath overlying mucus. They have a stiff downstroke which propels the mucus forward, and are then withdrawn in a curved fashion within the periciliary fluid so as not to disturb the mucus layer.
There are few published reports of the effects of bacteria on cilia. In 1965 Hoomr and Lofkvist' reported that a staphylococcal strain producing a toxin was toxic in vitro to cilia obtained from tracheal and nasal explants of the adult rabbit and human fetus. Denny2 in 1974 reported the in vitro ciliostatic effect of H influenzae, using tracheal cilia from the chick, rat, and human fetus.
There is, however, more evidence that purulent secretions affect ciliary motility. Patients with bronchiectasis have delayed mucociliary clearance in vivo.3 Purulent sputum is reported to slow in vitro mucus transport on the frog palate,4 and recently bronchiectatic sputum containing elastase activity has been reported to slow human nasal cilia in vitro. 5 Leucocyte elastase has been shown to inhibit ciliary activity and damage respiratory epithelium in a rabbit model. 6 Using a photometric technique,7 we have studied the effects of bacteria cultured from the sputum of patients suffering from severe bronchiectasis on the in vitro beat frequency of human nasal cilia obtained by a brushing technique from normal volunteers. The organisms studied were those commonly isolated from the sputum of patients with chronic bronchial sepsis: H influenzae, Staph aureus, and Ps aeruginosa.
Methods

ISOLATION OF BACTERIAL STRAINS
Bacteria were isolated by standard and selective bacteriological techniques.8 Briefly, sputum was homogenised by vigorous shaking in phosphate buffered saline and then streaked on to culture medium plates. Ps aeruginosa was isolated on plates containing cetrimide nalidixic acid agar (Oxoid) after aerobic incubation at 37°C overnight. Staph aureus was isolated after similar incubation on plates containing mannitol salt agar (Oxoid). H influenzae was isolated on medium containing blood agar base number 2 (Oxoid) 1 litre (supplemented by bacitracin 100 mg, haemin 2 mg (BDH Ltd), N-125 126 acetyl-D-glucosamine 10 mg, glucose 120 mg) and incubated overnight anaerobically at 37°C with a single " V" disc containing 6 ug nicotinamide on the centre of the plate. The isolates were confirmed as being H influenzae using "V" and "X' (haemin) discs.
A pure growth of bacterial species was confirmed by subculture and further overnight incubation. Five isolates from sputum of five different patients were used in the case of each of the three species. The patients all suffered from bronchiectasis, in some cases due to cystic fibrosis.
Each (1) (2) (3) (4) (5) (6) (7) (8) (9) 15-1 (1-4) 15-0 (1-2) In some experiments, at times of maximum slowing (when ciliary beat frequency values were very slow) ciliary dyskinesia was noted. This appeared to be loss of the normal coordinated beating pattern, so that cilia at different ends of the epithelium appeared to be beating in opposite directions; in more severe cases the cilia remained almost vertical, oscillating from side to side. On these occasions complete ciliostasis was also seen to occur in some areas of the epithelium.
Viable counts performed on the 18 hour broth cultures yielded similar results with pseudomonads (3-9.5 x 108/ml) and staphylococci (2.5-8.6 x 108/ml) but lower values with Haemophilus (0.7-2-6 x 10'/ml). After 
